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Proposal 

 

 

To develop a detailed concept for a central silicon vertex detector 

for a future EIC experiment, exploring the potential advantages of  

HV/HR-CMOS MAPS technologies. 

 

WP1: Sensor Development (Gonella, Allport) 

WP2: Silicon Detector Layout Investigations (Jones, Newman) 

WP3: Physics Performance Evaluation (Newman, Jones) 
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Science case 

• Improved vertexing capability; emphasis on heavy flavour 

EIC promises unprecedented precision in charm (beauty) measurements 

 

 

 

 

 

 

 

 

 

• Improved momentum and angular resolution 

May be particularly important for scattered electrons in high Q2 events 

E.C. Aschenauer et al., 
arXiv:1409.1633 

A. Accardi et al., 
arXiv:1212.1701 

Charm and beauty product ion with EIC
E. Chudakov, D. Higinbotham, Ch. Hyde, S. Furletov, Yu. Furletova, D. Nguyen,

M. Stratmann, M. Strikman, C. Weiss∗, BEACH2016, George Mason U., June 12–18
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• Electron-Ion Collider
Energy, luminosity, detection

• Nuclear gluons at large x
Nucleon-nucleon interaction in QCD

Heavy quarks as direct probe

• Open charm/ beauty with EIC
Rates and background

Charm identification

New methods using PID

• More heavy-quark physics
Exclusive hh̄ production, Λ h baryons

C. Weiss et al., 
JLab LDRD 1601 

Nuclear gluons with charm at the EIC 
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Motivation 

Scattered electron kinematics Struck quark kinematics 
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Charm observables 

• Importance of charm observables in the updated EIC White Paper 

Leading order charm production process is γg fusion  

Provides sensitivity to: 

I.  The gluon contribution to spin of the nucleon 

Charm production sensitive to Δg in polarised e+p scattering; 
complementary to QCD scaling violations observed in inclusive DIS 

II.   Physics of high gluon densities and low-x in nuclei 

The charm structure function F2
charm provides a complementary method 

for determining the nuclear gluon density in e+A  

May be particularly sensitive to the onset of gluon saturation 

III.   Hadronisation and energy loss 

Study the nuclear modification of hadronisation and energy loss in cold 
nuclear matter as a function of quark mass 

c

c
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Expected physics performance 

• Physics of high gluon densities and low-x physics in nuclei 

 

 

 

 

 

 

 

 

 

Left: Expected precision in F2
charm versus Q2 in e+Au collisions 

Right: Potential to distinguish between saturation and shadowing 

• Aim to refine/update these plots with the studies proposed in WP3 

 

 32 

 

Figure 2-21: Left panel: The charm structure function !!c! as a function of !! for various ! values in !+Au col-
lisions at eRHIC. Data points from different energies at the same !! are slightly offset along the abscissa for 
better visibility. Right panel: Ratio of !!c! predictions from a saturation model and leading twist shadowing 
pQCD predictions using the EPS09 nuclear PDFs for three different !! values. The uncertainty band for 
each !! value reflects the combined uncertainties in both models. For details see text. 

 
A comparison of !! and !! clearly shows the 

intricacy of !!  studies. While of enormous im-
portance for the study of gluons, the kinematic 
reach of !! measurements is much narrower than 
that of !! and errors are substantially larger. We 
therefore studied an additional, complementary 
method for determining the gluon density through 
the charm structure function !!c!. The left plot in 
Figure 2-21 shows !!c! as a function of !! for var-
ious ! values in ! +Au collisions at eRHIC. For 
clarity, values are offset by log!"(!)/10. Depict-
ed are measurements and corresponding errors for 
three different energies to illustrate the respective 
kinematic reach, 5 on 50 GeV, 5 on 100 GeV, and 
20 on 100 GeV. Statistical errors are based on 10 
fb-1/A for all three energies combined. The depict-
ed errors are derived from the statistical errors and 
a 7% systematic uncertainty added in quadrature.  
Also shown are curves and respective uncertainty 
bands resulting from the EPS09 parameterization 
of nuclear parton distribution functions [53]. 
While an EIC will certainly constrain these pa-
rameterizations further, one has to keep in mind 
that with !!c! , one probes the PDFs at !! ≈
!! 1 + (4!!!)/!! , where the PDFs are typically 
better constrained by the existing data. The fact 
that !!c!  is relatively well predicted in DGLAP-

based approaches can be used to test for differ-
ences between the traditional leading-twist shad-
owing models (such as EPS09) and saturation 
models.  The right plot in Figure 2-21 compares 
one such model [54] to NLO pQCD calculations 
(using EPS09 nuclear PDFs) by depicting the ratio 
of their predictions for !!c! for three different !! 
values as functions of !, where we expect these 
non-linear dynamics to be important. As one can 
clearly see, saturation models predict a markedly 
different !-dependence than NLO pQCD calcula-
tions based on EPS09: importantly, the difference 
between the models (together with the combined 
uncertainty of both models) exceeds the expected 
uncertainty of EIC measurements (the green 
band). This comparison demonstrates that eRHIC 
experiment with charm capabilities will be able to 
distinguish between saturation and leading-twist 
shadowing predictions for !!c!, providing us with 
yet another measurement capable of identifying 
saturation dynamics. 

For a better discrimination between models, 
especially involving non-linear dynamics, several 
observables sensitive to the gluon distribution will 
be essential: (i) scaling violation of !!, (ii) the 
direct measurement of !! , and (iii) !!c! .
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Open charm reconstruction 

• Signature is a displaced (secondary) decay vertex 

 

Is it possible to reconstruct the secondary vertex? 

Requires excellent impact parameter resolution in transverse plane 

Beam spot 
Primary vertex 

Secondary vertex 

K– π+ 

π+
slow 

y 

x 

D*+ →D0πslow
+ → K−π+( )πslow

+

D0 K−π+ (3.9%) 123µm

D+ K−π+π+ (9.5%) 311µm

D*+ D0πslow
+ (67.7%)

Example: 

Particle   Decay           b.f.          cτ	
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EIC Detector Concepts 

Based on ALICE ITS upgrade 
2 x 2 barrel layers 
20 x 20 µm2 pixel pitch 
0.3% X0 per layer 

Several technology options, e.g. 
Belle II new DEPFET-based pixel SVD 

Alexander Kiselev Pawel Nadel-Turonski 

• BeAST and Jlab EIC full acceptance detector 

• Propose to optimise vertex detector layout for HF as part of WP2 
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ALICE ITS Upgrade 

• A “prototype” EIC vertex detector? 

 ALPIDE sensor 
0.18 µm CMOS Tower Jazz 
28 x 28 µm2 pixel pitch 
<2 µs time resolution 
Power density < 50 mW cm-2 

50 kHz interaction rate (Pb-Pb) 
200 kHz interaction rate (pp) 
 
Inner layer thickness = 0.3% X0 

Outer layer thickness = 0.8% X0 
 

13"

Tower"Jazz"0.18"µm"CMOS"
•  feature"size"" "180"nm"
•  metal"layers "6""
""Suited"for"high9density,"low9power"

•  Gate"oxide" "3nm"
""Circuit"rad9tolerant"

"

"

ITS"Pixel"Chip"–"technology"choice"

CMOS"Pixel"Sensor"using"TowerJazz"0.18µm"CMOS"Imaging"Process""""

▶  High9resis2vity"(>"1kΩ"cm)"p9type"epitaxial"layer"(20µm"9"40µm"thick)"on"p9type"substrate"

▶  Small"n9well"diode"(293"µm"diameter),"~100"2mes"smaller"than"pixel"=>"low"capacitance"

▶  Applica2on"of"(moderate)"reverse"bias"voltage"to"substrate"can"be"used"to"increase"
deple2on"zone"around"NWELL"collec2on"diode""""

▶  Quadruple"well"process:"deep"PWELL"shields"NWELL"of"PMOS"transistors,"allowing"for"full"
CMOS"circuitry"within"ac2ve"area""
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Radiation tolerance 
TID: 2.7 Mrad 
NIEL: 1.7 x 1013 1 MeV neq cm-2  
Meets or exceeds requirements of EIC 
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ALICE ITS performance 

• Impact parameter and primary vertex resolution 

• Illustrates performance and provides benchmark for this study 
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Figure 7.6: Impact-parameter resolution for primary charged pions as a function of the
transverse momentum for the current ITS and the upgraded ITS in the transverse plane
(upper panel) and in the longitudinal direction (lower panel).

7.7.1 Simulation tool and truncated mean method

The approach considered to study the PID capabilities of the upgraded ITS detector is the
same used for the PID studies presented in the CDR [12]: the particle identification is based
on a specific ionisation estimate done with a Truncated-Mean of the dE/dx measurements
on the ITS layers. This method was developed for the current ITS detector [51] and has
been adapted to the detector configuration under study in which a seven-layer layout has
been assumed: each layer is equipped with monolithic pixels and an analogue read-out for
the four Outer Layers has been considered.

To account for the thin detectors assumed for the upgrade scenario, a dedicated Monte
Carlo simulation has been performed to study the energy deposition per unit length for
20 µm and 40 µm thick detectors. The di↵usion, charge-collecting ine�ciency, noise and
digitisation of the detector response have been introduced in the simulation considering
an 8-bit ADC in order to have a direct comparison of the result obtained for the CDR [12]
with an ITS configuration with seven layers of 15 µm.

This approach consists of computing a truncated mean of the charge values in the various
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Figure 7.4: Resolution on the primary vertex reconstruction as a function of the number
of tracks used to determine the primary collision coordinates.

determination is done with tracks reconstructed in the ALICE barrel as described
in Sec. 7.5.3. The obtained precision of the position determination is, for low multi-
plicity Pb–Pb events, less than 25 µm and goes down to 2–3 µm at high multiplicity.

• Tracking e�ciency: Figure 7.5 shows the track-matching e�ciency between
the TPC and ITS in the combined tracking mode, assuming the performance of
the present TPC, and di↵erent levels of event pileup. A track was considered as
matched if at least five (out of seven) clusters were correctly attached in the ITS,
with at least two of these clusters being attached in the Inner Barrel. If at least
one of the attached ITS clusters did not in fact belong to this track, such a track
was considered as “fake”. Only well reconstructed (having less than 10% of wrongly
assigned clusters, and not going too close to the TPC sector boundaries) TPC tracks
were selected for this analysis. Tuning of the tracking cuts was done to minimise the
fake-track rate and to achieve a high e�ciency for tracks with p

T

< 5 GeV/c (the
bulk). The reason for the visible deterioration of the e�ciency at p

T

< 1 GeV/c is
the increasing probability to pick up a wrong cluster in the ITS.

The most impressive improvement in tracking e�ciency compared to the current per-
formance is expected for tracks with p

T

< 0.5GeV/c and below, with the upgraded
ITS run in the stand-alone mode, as was demonstrated with the fast simulation
studies done in the ITS upgrade CDR [12], and also shown in Fig. 7.11 and 7.12.
The exact amount of the gain in the tracking performance at very low p

T

is to be
evaluated by the detailed Monte Carlo simulation and full realistic reconstruction.

• Impact-parameter resolution: An important measure of the achieved tracking
precision is the track impact-parameter resolution. It is the impact-parameter resol-
ution that defines the capability of a vertex detector to separate secondary vertices
of heavy-flavour decays from the main interaction vertex. This resolution is defined
as the dispersion of the distribution of the Distance of Closest Approach (DCA)
between reconstructed (primary) tracks and the main collision vertex.

A comparison of this resolution between the present and upgraded ITS is shown in
Fig. 7.6. At p

T

below 1GeV/c, it is a factor of about three better than that for the
present ITS. At higher momenta, the gain in resolution is even higher, reaching a
factor of about five at p

T

above 10GeV/c. Since the impact-parameter resolution
depends mainly on the radial position, thickness, and granularity of the innermost

Technical Design Report of the Upgrade of the ALICE ITS, J. Phys. G: Nucl. Part. Phys. 41 (2014) 087002) 

1.) 2.) 

1.) impact parameter resolution 
 
1.) σ = (5 ⊕ 22 GeV/p.c) µm 
1.) 
2.) primary vertex resolution 
 
2.) 20-25 µm at low multiplicity 

σ(d0(z)) µm 

σ(d0(rφ)) µm 

pT (GeV/c) 

pT (GeV/c) 

Ntracks 

σ(vtx) µm 
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• Detector requirements 

1)  high granularity and 2) minimal thickness 

Sensor makes “modest” contribution to detector thickness  

(50 µm silicon ≈ 0.05% X0) 

 

• R&D strategy 

Focus on optimal pixel geometry and power requirements 

Maximise Q/C: high signal-to-noise and low power 

Aim of this proposal 

Exploit charge collection by drift rather than diffusion 

Explore configuration of collection electrode and pixel size 

WP1 Sensor Development 

Hybrid-IC  0.144% X0  (55% / Sensor 20%) 
Cold Plate     0.100% X0  (38%) 
Space Frame  0.018% X0  (7%) ALICE ITS Inner Layer 
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WP1 Sensor Development 

• ALICE experience 
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Small collection electrode with 
separated electronics in deep    
p-well è small detector 
capacitance 
 
Possibility to apply a moderate 
Vbias è charge collection by drift 
in depleted volume 
 
Thicker epitaxial layers yield 
larger Q, but the cluster size is 
larger due to diffusion. 
 
Larger depletion volume desirable 
to maximize seed signal while 
keeping low cluster multiplicity. 

J. Phys. G: Nucl. Part. Phys. 41 (2014) 087002 
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WP1 Sensor Development 

• Sensor development in this proposal 

New development with Rutherford Appleton Laboratory and TowerJazz. 

Add junction on back side of sensor 

1) larger depletion volume,  
 2) small collection electrode and 
 3) potentially very low capacitance. 

Two options: invert a) substrate  
or b) epitaxial layer 

Option b) proposed by us to exploit 

the benefit of using an n-type  
collection electrode: 

•  Lower diffusion for a given Vbias 

•  Faster charger collection,  
    less charge spread at the electrode 
•  (Improved radiation hardness)  
 

P-epi 

N-substrate 

Deep N-Well 

N-Well P-Well 

P-
Well 

N+ N+ P+ P+ 

(a) 

N-epi 

P-substrate 

Deep P-Well 

P-Well N-Well 

N-
Well 

P+ P+ N+ N+ 

(b) 

Candidate EIC sensor 

Birmingham-RAL-Sussex 
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WP1 Sensor Development 

• Possibility to explore options with LFoundry technology 

150 nm CMOS quadruple well process 

Access to chip design and MLM run via RD50 collaboration 

Possibility to design large electrodes with isolated electronics 

 

 

 

 

Larger capacitance means higher noise and higher power 

Still possible to achieve high signal-to-noise? Can novel powering 
schemes mitigate power increase? 

Timeline: Call for interest sent out to RD50 institutes; first meeting to 
discuss layouts at end of summer; submission expected next year. 

 

 

 

 

 

wermes@uni-bonn.de AIDA-2020 - Ann-Mtg-Desy  - 15.06.2016

CCPD-LF/LF_B01

Process: LFoundry 150nm, 4-6 Aluminum Metal layers, 1.8 V
Substrate: CZ, p-type bulk, >2kOhm-cm
Post processing: Thinning 100/300um, p-type implant, annealing, metallization

PW

P

P-substrate

DNWELL

NW

N

P+

GND

+-

N N NP P

NW

PSUB

VDD

PW

NI

NW

NI

P

GND

PWPW

5x5 mm2

24 x 114 pixels

20

two versions

larger electrode = 
larger drift volume è  

larger signal 

Being explored for HL-LHC 
for its radiation hardness 

N. Wermes, AIDA2020 1st annual meeting, Hamburg, June 2016 
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WP1 Sensor Development 

• Material budget considerations 

 

Counter-measures: low power FE + power distribution at low current and 
high voltage (DC-DC conversion, serial power) 

Serial power distribution could be considered to lower cable material in 
active area, following the baseline design for the ATLAS and CMS pixel 
detectors at the HL-LHC 
See: Laura Gonella, Developments for serial power appilcations, ACES Workshop  

https://indico.cern.ch/event/468486/contributions/1144360/attachments/1239152/1822525/20160308-ACES.pdf 

 

 

J. Phys. G: Nucl. Part. Phys. 41 (2014) 087002 

Cables to bring in 
power and cooling to 
extract it dominate the 
material budget of 
trackers in HEP 

ALICE ITS Outer Layer 
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ISO-7 
(~70m2) 

ISO-5 
(~80m2) 

Lobby (~30m2) 

Gray 
area 

Plant 
room 

• Track record: ATLAS SCT (current) and ITK strips (phase 2 upgrade) 

• New Instrumentation Laboratory 

Investment in new ~200 m2 laboratory; available from July 2016 

New academic appointments: Phil Allport, Laura Gonella, Steve Worm 

Expanding manufacturing capability and growing new R&D in MAPS 

 

 

 

 

 

 

 

 

WP1 Facilities 

Birmingham Instrumentation Laboratory for Particle physics and its Applications 
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WP1 Facilities 

• Instrumentation Laboratory 

Lobby 

ISO-5 

ISO-7 

Equipment: 
Hesse & Knipps BondJet 820 automatic wire bonder 
Delvotec 5430 semiautomatic table top wire bonder 
Dage 4000 wire-pull and shear strength tester  
Dima Dotmaster with the DD-5097 upgrade  
Cascade Microtech REL 4800 manual probe station 
Cammax Precima DB600 die bonder pick and placer 
2 x Keithley 2410 
Plus inspection microscopes, electrical test equipment, N2 storage,  
environmental chamber, precision scales, ... 
We are also purchasing: 
Cascade Summit12000B semi-automatic probe station 
TCT Laser system 
X-ray flourescence tube and targets 
Keithley 2410 
Keithley 6517B 
4285A Precision LCR Meter 



Peter Jones and Laura Gonella | EIC Detector R&D Meeting | 6-7th July 2016! 18 

WP1 Facilities 

• Birmingham MC40 Cyclotron 

Primarily used for medical radioisotope production  

An irradiation facility for particle physics was commissioned in 2013 

27 MeV protons (max 40 MeV), 1 cm2 beam spot with 1 µA beam current 

Scanning and low temperature irradiation capability 

Delivers HL-LHC doses within a single day of operation 
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WP1 Sensor Development 

• MAPS prototype structures with TowerJazz foundry 

UK STFC-funded R&D project; Birmingham-RAL-Sussex collaboration 

Start date: 1st June 2016; 2 years development programme 

 

 

TCAD simulations are starting and preliminary specifications for active 
pixels are being defined  

Possibility to have test structures with different pixel sizes, collection 
electrode geometry and implant 

Expect prototypes on timescale of ~ 1 year 

! !

1!
!

Development towards a Reconfigurable Monolithic Active Pixel Sensor in Radiation-hard 
Technology for Outer Tracking and Digital Electromagnetic Calorimetry 

P.P. Allport1, D. Das2, L. Gonella1*, S.J. Head1, K. Nikolopoulos1, S. McMahon2, P.R. Newman1,  

P. Phillips2, F. Salvatore3, R. Turchetta2, G. Villani2, N.K. Watson1, F. Wilson2, Z. Zhang2 

1) The University of Birmingham  

2) Rutherford Appleton Laboratory, STFC 

3) The University of Sussex 

Abstract 

Monolithic Active Pixel Sensor (MAPS) technologies have been deployed as a vertexing detector in particle 
physics at RHIC [1] and have been proposed for a number of projects including ALICE and, in particular, for 
use at the ILC [2]. Their thin sensing region allows applications providing very low multiple scattering, vital for 
the tracking layers closest to the interaction if secondary vertices are to be identified with high efficiency. 
Because they employ standard CMOS technologies used for high volume manufacturing, their production costs 
can be much lower than standard planar silicon. Such affordability and large production capability has led to 
concepts based on several thousand m2 of such technology being considered for the sampling layers in 
calorimeters at future colliders. Furthermore, the digital read-out technology proposed for the calorimeter could 
also be employed for outer tracking and pre-shower detectors, giving unprecedented particle flow capabilities 

Originally, the use of conventional CMOS sensors for particle physics was limited, both in terms of signal speed 
and radiation hardness, due to the charge collection being through diffusion. However, this proposal exploits 
new, much faster and radiation-hard technologies for which RAL has been in the vanguard of developments, 
together with digital calorimeter detector designs for the ILC where first prototypes already exist [3]. This 
proposal is to build a demonstrator sensor targeting HL-LHC and FCC-hh radiation levels that has the potential 
to also meet the extreme data rate requirements at such facilities. 

The proposal builds on established areas of UK expertise in digital calorimetry, outer tracking, MAPS 
development and radiation-hard sensor R&D to position the UK to take a leading role in the development of 
detectors for future high rate, high radiation experimental environments such as those at proposed future hadron 
colliders.  

  

1. Introduction 

The European Strategy for Particle Physics [4] adopted in May 2013 by the CERN Council includes in its 
recommendations:  

c) The discovery of the Higgs boson is the start of a major programme of work to measure this 
particle’s properties with the highest possible precision for testing the validity of the Standard Model 
and to search for further new physics at the energy frontier. The LHC is in a unique position to pursue 
this programme. Europe’s top priority should be the exploitation of the full potential of the LHC, 
including the high-luminosity upgrade of the machine and detectors with a view to collecting ten times 
more data than in the initial design, by around 2030.  
d) To stay at the forefront of particle physics, Europe needs to be in a position to propose an ambitious 
post-LHC accelerator project at CERN by the time of the next Strategy update, when physics results 
from the LHC running at 14 TeV will be available. CERN should undertake design studies for 
accelerator projects in a global context, with emphasis on proton-proton and electron-positron high-
energy frontier machines.  
i) The success of particle physics experiments, such as those required for the high-luminosity LHC, 
relies on innovative instrumentation, state-of-the-art infrastructures and large-scale data-intensive 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
* Currently at Physikalisches Institut, Universität Bonn; planned start as lecturer at Birmingham on 1/11/15 
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WP2 and WP3 summary 

• WP2 – Silicon Detector Layout Investigations 

Optimise vertex detector layout for heavy flavour studies  

Explore sensitivity to spatial resolution and detector thickness 

Characterise performance with single tracks and open charm decays 

Aim to optimise # layers and radial distances wrt outer tracking 

• WP3 – Physics Performance Evaluation 

End-to-end simulations of HF processes with realistic detector model 

Initial focus on F2
charm and F2

beauty in e+A 

 

• Opportunities for collaboration 

Synergy with JLab LDRD 1601 (C. Weiss et al.) 

eRD16 – MAPS for forward and backward tracking 

eRD6 – Tracking and PID consortium 

 

 

WP1 

WP2 WP3 

requirements constraints 
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Scope and deliverables 

• Scope and deliverables 

Two year R&D project 

Proposed deliverables in the first year: 

•  WP1: Specification and submission of test structures in Tower Jazz 

•  WP1: Specification and submission of test structures in LFoundry 

•  WP1: TCAD simulations to optimise pixel geometry and aspect ratio 

•  WP1: Initial characterisation of Tower Jazz sensor properties 

•  WP2: Study of track momentum resolution and impact parameter 
resolution with different assumptions on spatial resolution of pixel 
hits and number of tracking layers 

•  WP3: Apply e+p or e+A Monte Carlo models for heavy flavour 
processes in EIC simulations to begin studies of open charm and 
beauty production 
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Resources summary 
Jones (0.1 FTE), Gonella (0.2 FTE), Newman (0.1 FTE) and Allport (0.05 FTE) 

Test structures from Tower Jazz foundry run 

PhD student (from October 2017) 

Computing resources 

Access to MC40 cyclotron for early irradiation studies 

Requested 

One full-time postdoc, approximately £103k, including overheads 

Travel to and from UK partners (RAL) £1k 

Travel to and from the US to attend EIC meetings £6k 

Licenses for TCAD  £1k 

Contribution to 2016 RD50 L-Foundry run £4k 

 

Total: £115k (approx. $150k) 
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Backup slides 
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Track record 

• Prof Peter Jones – Head of the Birmingham Nuclear Physics research 
group.  Background in relativistic heavy ion collisions.  Past member of the 
STAR collaboration (Strangeness Working Group Convenor 1996-2001). 
Member of the ALICE collaboration (Editorial Board member since 2015). 

• Dr Laura Gonella – Lecturer in silicon detector technologies.  Particular 
expertise in CMOS pixel sensors.  Joined the University of Birmingham in 
2015 from the University of Bonn.  Currently co-leads the ATLAS ITK Strip 
Tracker Upgrade ASICs group. 

• Prof Paul Newman – Head of the Birmingham Particle Physics research 
group.  Background in deep inelastic scattering.  Member of the H1 
collaboration (Physics Coordinator 2001-4) and the LHeC Study Group 
(Coordination Group and Low-x Working Group Convenor). 

• Prof Phil Allport – Joined the University of Birmingham in 2014.  Director of 
the Birmingham Instrumentation Laboratory for Particle Physics and its 
Applications.  ATLAS Upgrade Coordinator 2011-15.  Leads the Birmingham 
RD50 group and AIDA-2020 Transnational Access contact for the MC40 
cyclotron. 
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Experience from HERA 
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D* à D0 πs à Kπ πs by far the most productive 
charm channel at HERA  
 
“Slow” pion, πs has low pT ~ 100 MeV à vital 
To maintain charged particle efficiency to low pT 
 
Width of D* peak highly dependent on charged 
track resolution à strong motivation to optimise now 
 
Physics not perfectly understood even for ep à 
Rich programme at EIC … 
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HF Results from H1 
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Gluon polarisation results 

 
 
 


